The majority of ectopic pregnancies can be diagnosed on transvaginal scan before treatment. Diagnosis should be based on positive visualization of an ectopic pregnancy rather the inability to visualize an intrauterine pregnancy. The majority of ectopic pregnancies will be visible on the initial transvaginal scan performed. Those who do not have their ectopic pregnancies visualized on the first examination will be initially classified as having a pregnancy of unknown location. They will then need follow-up until a diagnosis of ectopic pregnancy is confirmed. This review discusses the use of ultrasound in the diagnosis of ectopic pregnancy and the specific criteria for diagnosis of the different types of ectopic pregnancy.
Diagnostic ultrasound has been used in obstetrics and gynecology since the late 1950s. Initially, all scans in early pregnancy were performed transabdominally. However, the transvaginal approach is now favored, as the higher frequencies used improve resolution and allow early pregnancy features to be detected about 1 week earlier than by the abdominal route. An early intrauterine pregnancy was first demonstrated on transvaginal scan (TVS) in the late 1960s.
Various diagnostic algorithms exist for the diagnosis of an ectopic pregnancy, based on the inability to visualize an intrauterine pregnancy. However, with the introduction of high-resolution transvaginal sonography, the diagnosis of an ectopic pregnancy should now be based on the positive visualization of an ectopic pregnancy, rather than the inability to visualize an intrauterine pregnancy.
Historically, ectopic pregnancies were diagnosed at the time of surgery. Indeed, surgical diagnosis is still considered by many as the gold standard for diagnosing an ectopic pregnancy. However, some small ectopic pregnancies can be missed at the time of surgery. In 1 study, 4.5% (2/ 44) women reported to have no evidence of an ectopic pregnancy at the time of laparoscopy were subsequently diagnosed with an ectopic pregnancy. 1 
Accuracy of Ultrasound in the Diagnosis of Ectopic Pregnancy
Women may be diagnosed with an ectopic pregnancy on the first ultrasound examination that is performed or they may initially www.clinicalobgyn.com | 395
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Correspondence: Emma Kirk, MD MRCOG, North Middlesex Hospital, Sterling Way, London. E-mail: ejkirk@hotmail.co.uk have an inconclusive scan and have an ectopic pregnancy diagnosed on a subsequent scan. These women without any evidence of an intrauterine or ectopic pregnancy on the initial TVS should be classified as having a pregnancy of unknown location (PUL). They will then need follow-up to determine the final pregnancy outcomeintrauterine pregnancy, ectopic pregnancy, or failed pregnancy. However, fortunately, only 7% to 20% of women classified as PUL will subsequently be diagnosed with an ectopic pregnancy. 2 A prospective study on over 5000 women attending an early pregnancy assessment unit in the UK found that almost three-quarters of tubal ectopic pregnancies were visualized on the initial TVS examination. 3 The remaining cases were classified as PULs, and the majority had their ectopic pregnancies visualized on a subsequent scan. The sensitivity of the initial TVS to diagnose an ectopic pregnancy was 73.9%; yet the overall sensitivity of ultrasound to detect ectopic pregnancy including follow-up scans was 98.3%. 3 A number of other studies have assessed the overall accuracy of TVS for the diagnosis of tubal ectopic pregnancy. They also report high sensitivities of 87.0% to 99.0% and specificities of 94.0% to 99.9%. [3] [4] [5] [6] [7] [8] However, it must be remembered that most of these studies included follow-up scans or were performed immediately before surgery thus do not assess the ability to detect an ectopic pregnancy on a single TVS examination.
There are a number of reasons why an ectopic pregnancy may not be visualized on the initial TVS examination. These include poor quality ultrasound equipment, an inexperienced sonographer, an increased maternal body mass index, uterine fibroids, or ovarian pathology making visualization of the adnexa difficult. The ectopic pregnancy itself may also have features that make it difficult to visualize on the initial scan.
The ultrasound and biochemical features of 2 groups of women with tubal ectopic pregnancies have been compared-those visualized on the initial TVS examination and those initially classified as a PUL with visualization on a subsequent TVS examination. 8 It was found that women who were initially classified as a PUL had a significantly lower mean gestational age (41.4 compared 45.6 d) and serum human chorionic gonadotropin level (median, 635 compared with 1286 IU/L) at the time of the initial TVS examination compared with women who had their ectopic pregnancies visualized on the initial TVS examination. Serum progesterone levels in the women initially classified with a PUL were significantly higher than those diagnosed with an ectopic pregnancy on the initial scan (median, 30 compared with 19 nmol/ L). However, when comparing the serum human chorionic gonadotropin levels and progesterone levels at the time of visualization of the ectopic pregnancy on TVS in both groups, there was no statistically significant difference. There was also no significant difference in the ultrasound appearance of the tubal ectopic pregnancies in each group; however, the masses were significantly smaller in those women who were initially classified as a PUL. It would therefore seem that women with tubal ectopic pregnancies, who are initially classified as PULs, do not simply have their ectopic pregnancies missed on the initial TVS. The ectopic pregnancies are probably too small and early in the disease process to be visualized.
Criteria for the Ultrasound Diagnosis of Ectopic Pregnancy
As mentioned previously, the aim should be to positively identify an extrauterine pregnancy rather than just to exclude an intrauterine pregnancy. The inability to positively identify an ectopic pregnancy or an intrauterine pregnancy should lead to an interim diagnosis of PUL. A summary of the sonographic criteria used to diagnose the different types of ectopic pregnancy is given in Table 1 .
ENDOMETRIUM
There is no specific endometrial appearance or thickness that can be used to suggest the presence of an ectopic pregnancy or to differentiate between women subsequently shown to have an ectopic pregnancy from those with a viable or nonviable intrauterine pregnancy. 9 The uterine cavity is often described as ''empty.'' However, in some cases, there may be a collection of fluid within the endometrial cavity, often referred to as a ''pseudosac.'' This has been reported in up to 20% of cases. 10 Using TVS, it is not difficult to distinguish this from an early intrauterine gestational sac. An important differentiating feature is the location of the fluid. An early intrauterine sac is intradecidual and is therefore seen as an eccentrically placed hyperechoic ring within the endometrial cavity, whereas a ''pseudosac'' develops within the uterine cavity and lacks a well-defined rim of surrounding echoes. There may, however, be difficulty in distinguishing a failed intrauterine sac from a ''pseudosac.''
FREE PELVIC FLUID
Although not diagnostic of ectopic pregnancy, it is not uncommon to visualize anechoic or echogenic free fluid within the pouch of Douglas. Echogenic fluid within the pouch of Douglas or Morison pouch may suggest hemoperitoneum secondary to a ruptured ectopic pregnancy or a tubal miscarriage. It has been reported in 56% of women with an ectopic pregnancy. 11 However, the fluid may also be seen with the rupture of a hemorrhagic ovarian cyst.
TUBAL ECTOPIC PREGNANCY
The majority (B95%) of ectopic pregnancies occur in the fallopian tube. The most common site of implantation is the ampullary region followed by the isthmus of the tube.
Tubal ectopic pregnancies are usually diagnosed by the visualization of a mass in the adnexa that moves separate to the ovary. The most commonly seen finding, in around 60% of cases in some studies, 4, 8 is of an inhomogeneous mass or a noncystic adnexal mass (Fig. 1) . In a metaanalysis of 10 studies, this was found to be the most effective criterion on which to base the diagnosis of a tubal ectopic pregnancy. 12 It gave a specificity, positive predictive value, sensitivity, and negative predictive value of 98.9%, 96.3%, 84.4%, and 94.8%, respectively. 12 It may be possible to visualize an empty extrauterine gestational sac (Fig. 2) . This is seen in around 20% of cases. 4, 8 In another 20%, this sac may contain a yolk sac and/or a fetal pole that may or may not have fetal cardiac activity (Fig. 3) .
It is not uncommon practice for a definitive diagnosis of tubal ectopic pregnancy only to make when an extrauterine sac containing a yolk sac or fetal pole is visualized. 13 However, a recent consensus on nomenclature, definitions, and outcome of women initially classified as PULs, proposes that an ectopic pregnancy can definitely be diagnosed if an extrauterine gestational sac with a yolk sac and/or embryo (with or without cardiac activity) is visualized. A diagnose of probable ectopic pregnancy can be made if an inhomo-geneous adnexal mass or an extrauterine sac-like structure is visualized. 13 
INTERSTITIAL ECTOPIC PREGNANCY
These ectopic pregnancies occur as a result of implantation in the interstitial part of the fallopian tube. They have been reported to account for between 1% and 6% of all ectopic pregnancies. In an interstitial ectopic pregnancy, the uterine cavity is empty and the products of conception are located outside of the endometrial cavity, in the interstitial area, surrounded by a continuous rim of myometrium 14 (Fig. 4) . The ''interstitial line sign'' has been described and been shown to have a sensitivity of 80% and a specificity of 98% for the diagnosis of interstitial ectopic pregnancy. 15 This sign consists of visualizing a thin echogenic line that extends from the central uterine cavity echo to about the periphery of the interstitial sac, presumably representing the endometrial canal of the interstitial part of the fallopian tube. 15 
CORNUAL ECTOPIC PREGNANCY
A cornual pregnancy occurs as a result of implantation in a rudimentary horn of a unicornuate uterus. It is therefore one of the rarest forms of ectopic pregnancy with a reported incidence of 1 in 76,000 pregnancies. 16 Sonographically, there will be an empty uterine cavity with a single interstitial fallopian tube. The gestational sac or trophoblastic mass will be separate from the uterus but completely surrounded by myometrium. It may be possible to visualize a vascular pedicle adjoining the gestational sac with the unicornuate uterus. 17 
CERVICAL ECTOPIC PREGNANCY
Cervical ectopic pregnancies account for <1% of all ectopic pregnancies. They usually occur due to implantation in a myometrial defect caused by previous surgery. On ultrasound, the uterine cavity will be empty and the cervix may appear barrel shaped. The gestational sac or trophoblastic mass will be present below the level of the internal cervical os. There will be a negative ''sliding organ sign'' (when pressure is applied to the cervix using the TVS probe, in a miscarriage the gestational sac slides against the endocervical canal but not in an implanted cervical pregnancy). There may also be evidence of sustained peritrophoblastic circulation on color Doppler examination. 18 
CAESAREAN SECTION SCAR PREGNANCY
Caesarean section scar pregnancies are thought to occur in 1 in 1800 pregnancies and are thought to comprise 6% of ectopic pregnancies in women with a previous caesarean section. 19 Sonographically, their diagnosis is similar to cervical ectopic pregnancies; however, the gestational sac or placental tissue is located anteriorly at the level of the internal os covering the visible or presumed site of the previous lower segment caesarean section scar (Fig. 5 ).
OVARIAN ECTOPIC PREGNANCY
The incidence of ovarian ectopic pregnancy is thought to be <3% of all ectopic pregnancies. There is little published on the specific sonographic criteria for diagnosis. However, they usually appear as a cystic structure with a wide echogenic ring on or within the ovary. 20 It is also not possible to separate the gestational sac from the ovary on gentle palpation (negative sliding organ sign).
HETEROTOPIC PREGNANCY
A heterotopic pregnancy is diagnosed when you have any of the above types of ectopic pregnancy in conjunction with an intrauterine pregnancy. They are more common after vitro fertilization and fertility treatments involving superovulatory drugs. They have a reported incidence of between 1% and 3% in women undergoing fertility treatment.
ABDOMINAL ECTOPIC PREGNANCY
An abdominal pregnancy results from implantation in the peritoneal cavity, outside of the uterus, ovaries, and fallopian tubes. Most commonly, it is the result of tubal abortion and reimplantation into the abdominal cavity. The most common site for implantation is the broad ligament. Rarely, an abdominal pregnancy may result from primary implantation within the peritoneal cavity. On ultrasound, the uterine cavity will be empty and the gestational sac or trophoblastic mass will be seen separate to the uterus, fallopian tubes, and ovaries. In the first trimester, it is often difficult to differentiate an abdominal ectopic from other types of ectopic pregnancy.
Summary
A TVS examination should now be the diagnostic investigation of choice for ectopic pregnancy. More than 90% of ectopic pregnancies should be visualized on ultrasound before treatment. Sonographic criteria now exist for the different types of ectopic pregnancy.
